It can be very difficult to measure visual acuity in children affected by cerebral palsy (CP) with standard methods. As previously revised by acuity are not appropriate. In fact, ACP measures grating acuity (resolution acuity) while standard methods measure linear acuity (recognition acuity).
Binocular grating acuity appears to be diminished in about 70% of children affected by CP. 6 Little is known, however, about the natural course of grating acuity in this specific disease and there are no long-term studies that match in parallel the grating and linear acuities achieved at an older age by children affected by CP.
Aims of our research were: (1) to study the development of grating acuity in children affected by CP, (2) to check whether early grating acuity values could be predictive for the outcome of visual acuity and (3) to measure linear acuity achieved at an older age by means of standard methods.
Materials and methods
Sixteen children regularly monitored by the Utrecht Working Group of Infantile Encephalopathy were investigated. All children monitored by the Working Group received regular ophthalmological examinations, where strabismus, amblyopia and refractive errors were treated as in normal children. In addition, visual acuity was measured by means of standard optotypes when possible. In 1990, grating acuity was introduced into the testing protocol at the time a child was enrolled in the follow-up care programme.
The inclusion criterion for this study was a follow-up with ACP longer than 4 years. In the selected children grating acuity was regularly monitored for a period that ranged from 49 to 97 months (mean: 5 years, 4 months; SD: 1 year, 2 months). The children, 9 boys and 7 girls, were aged from 4 to 83 months (mean age: 3 years, 7 months; SD: 2 years) at the time of first assessment. All were affected by CP (classified according to the criteria of Hagberg)?
During the first 2 years of this study grating acuity was tested several times binocularly. 6 were not yet available. Later, grating acuity was regularly assessed with Teller acuity cards 3 using the procedure suggested by the reference manual.lO Each subject was tested monocularly. Refractive errors were corrected optimally. The fellow eye was patched, or, if a nystagmus was present, occluded with a + 10.00 spherical lens. When a monocular test was not possible, binocular values were collected, and a monocular test was tried in a subsequent session. Since some neurologically impaired children may lack the ability to direct their gaze to the stimulus location, this was tested first. If the child's eye movements could not be used as a response measure by the examiner, the child was asked to point to the stimulus or in the direction of the stimulus. All results were corrected for test distance, and values of gratings were converted from cycles per degree into Snellen equivalent using the reference manual. The two different types of cards used during the follow-up were compared as suggested by Dobson and LunaY Results obtained showed that the two types of cards provided equivalent estimates of acuity.
A monocular linear acuity measurement by means of standard optotypes (letters, numbers or E-hooks) was always attempted at the end of the testing period. Test distance was 5 m. The size of the optotypes was chosen to approximate equal steps of 0.1 on a logarithmic scale. The best linear acuity that could be assessed using the selected optotypes was 2.0. Acuity was scored as the smallest line at which the child could correctly identify at least four of six individually presented crowded letters at the given distance. Subjects who wore spectacles continued to do so during testingY
Results
All 16 children were tested with ACP. Values of the first and the last measurement together with results of neuro imaging are reported in Table 1 . Two subjects (S2 and S10) showed a regression from the values of grating acuity previously achieved. Conversely, 14 subjects had a good or moderate improvement in ACP values, but their general development of grating acuity was protracted beyond the third year of life, which is considered the reference age for a grating acuity of 1.0 3 (Fig. 1) .
In addition, the correlation between the first and the last grating acuity measurement was worse than expected (r = 0.20). Furthermore, 2 of these children (SI and S14) showed an inter-ocular acuity difference of more than an octave (1 octave = a halving or doubling of spatial frequency) despite adequate orthoptic treatment. neuroimaging. However, the natural course of grating acuity in CP children was protracted beyond the third year of life, the age at which healthy children are supposed to achieve a grating acuity of 1.0? Thus, although spasticity and motor problems tend to persist, there is a good chance for further development of vision in CP children. Probably, as suggested by Groenendaal and Van Hof-van Duin,21 the sensitive period in CP is prolonged. This might be caused by a delay in synaptogenesis resulting in a slower, but nevertheless progressive, development of visual acuity beyond the third year of age. More difficult to explain is why two subjects showed a regression from the values of grating acuity previously achieved. Probably the ACP performed binocularly overestimated early visual acuity measurements. Similarly, a more sensitive neuroradiological investigation, such as magnetic resonance imaging, could probably have detected other developmental anomalies in the cerebral cortex in the child who showed a corpus callosum dysplasia on CT scanning?2
The poor correlation between grating acuity values obtained at the beginning and at the end of the follow-up underlines that early values can not be considered predictive for the later visual outcome. Also, an apparent, but not persistent early delay of visual development does not seem to interfere with the general maturation of the visual system in children with CPo Thus, to gain insight into the visual development of a single child, several grating acuity measurements are necessary.
Another interesting finding is that an inter-ocular acuity difference persisted despite appropriate amblyopia treatment in 2 children examined. For both children a CT scan had been performed in the past. Certainly in one of these subjects the decreased visual acuity was caused by a combination of a strabismus and a cerebral visual impairment due to structural lesions of the retrochiasmatic visual pathways. 2 3 Visual acuity is the sum of different aspects of vision, i.e. recognition, detection and resolution. As mentioned before, grating acuity is a measure of resolution while linear acuity is a measure of recognition. Attempts to correlate these types of acuities directly are not appropriate. However, it seems important to match parallel results obtained after a long-term follow-up because recognition acuity is generally used in ophthalmological practice. We confirm that high values of grating acuity do not automatically mean a good linear acuity, especially in amblyopic eyes, as previously reported.1,1 3 ,2 4 A possible explanation of this finding is that grating acuity may be elaborated only in the visual areas of the occipital cortex (area 17) while recognition acuity may require more complex processing at different levels of the central visual system (temporal areas or higher), where visually responsive neurons necessitate a well-defined visual input.
Why CP children without ocular anomalies or damage along the visual pathways rarely have normal vision, defined as a linear acuity of 1.0 achieved at the age of 7 years,1 3 is still unknown. Probably, because of diffuse cerebral lesions, such as those which occur in CP, the more complex neuronal connections necessary to achieve higher linear acuities may be damaged. However, as suggested by Schenk-Rootlieb et al.,2 5 the role of the associated mental retardation should not be excluded.
In conclusion, the visual outcome of children affected by CP appears to be better than expected, although after a period of years. As previously underlined by Good et al.,26 clinicians should remain optimistic about the potential for some visual development in CPo In addition, this study demonstrates that a clear insight into the natural course of grating acuity can be gained only after long-term assessment with ACP. Consequently, great caution should be exercised in extrapolating information from early grating acuity measurements. Further investigations seem to be necessary in order to study in more detail the correlation between the visual development and the type or the location of the brain lesion as detected by neuroimaging.
